. EA NUMBER: L1540

U8 Sovl

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

ORIGINATOR: JSC/MM ASTRO

PROJECT: ZFE

PART NAME: CARGO BAY
PART RUMBER: 32TREM-504
LSC CONTROL NO:N/A
TONELOCATION;N/A

LEL/ORU PART NUMBER: 3278830-506
LRU/OBT PFART NAME: CTVC
DRAWING/REF DESIGNATOHR: 327585
EFFECTIYITY/AFFECT STAGE:

OUANTITY: 1
SYSTEM: CCTV
SUBSYETEM:

CRITICALTTY:

CRITICAL TTEM?:_ Yes
CRITICALITY CATEGORY; _272

END ITEM KAME:
ENDITEM FUNCTIONAL:
END ITEM CAPABILITY:

END ITEM FAILTRE TOLEEANCE:

REDUNDANCY SCREENS: (ORBITER/SPACE STATION]

A - Pass
B - Fass
C - Puss
D -

TNCTION: Camera will not respond fo commazads
orst Case: Loss of migsion crilical video

FAILTRE MODE CODE:
FAILURE MODE: Loss of lacation ¢ode information

CAUSE:
Al Poawer Supply
A4 Com DegiTel Enc

FATLURE DETECTION:
REMAINING FATHS:

COERECTIVE ACTION:
Mona.

SUCCESSPATHS: ___
SUCCESS PATH REMAINING:

EFFECT/ MISSION PHASE:.

~-FATLURE EFFTECTS

END ITEM/LRI/ORT/ASSEMBLY: Loss of camera output.

SUBEYSTEMNEXT ASSEMERBLY/INTERFACE: No video

SEYSTEM/END ITEMUMISSION: Laax of mission critical videa

CREW/NVEHICLE : Kone.
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“MEA NIUMBER: 1,150 QRIGINATOR: TSEMM ASTRO PROJECT: CFE
PART NAME: CARGD BAY LRUMEU PART NUMBER: 3275350 506 QUANTITY: 1
PAET NUMEBER: 317533)-506 LRIVORU PART NAME: CE¥C SYSTEM: CCTY
ISC CONTROL NO:R/fA DRAWING/REF DESIGNATOR: 32TEE00 SUBEYSTEM:
ZONE/LOCATION:N/A EFFECTIVITYIAFFECT STAGE:

HAZART INFOGRMATION:

WAZARD: YES___ NO_X__
HAZARD ORGANIZATION CODE:
HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:
FATLTRE BETECTION/FLIGHT:

BREMAREKS:
-RATIONALE FOR ACCEPTABILITY-

{A} DESIGN:

The CTVC is compriseil of 21 electrical subassemblies; 15 subasserblies are GE Astro Space desipned and fabricased Rii0g

gandard printed eircuit board type congraction. The remnining sic asserablies, 3 mepper molors, 1 brushless moior,
sm/CCD, and Lens assembly are vendor supplies tomponents, which have heen specifled and purchased actording to GE

pecification Control Drawing (SCDs) prepared by Engineering and Froducl Assurange Specifications per the 50D are

rerformance, test, qualification, and scceptsnce requircmenis for a procured piese of equipment. Parts, materials, processis

and design guidelines for the CTVE program are specified in accordance with GE 3267733 This decument defines the

program raqilirensenis

MI-STD-975C will serve as the primary EEE parts seiection document, TF 4 suitable part cannet be found in MIL-STD-
975G, equivaleni EEE paris that meet the following criteria may be substituted.

Micrecireuit # are at beast Class B Level, MIL-M-38510 devices. All micracireuits are subjecied to Particle Lmpact Noise
Detection {PLIND) testing per MIL-5TD-883C {except fur devices with plastic spory-type packape).

Dicdes und transistors are at least TANTXV in accordance with MTL-3-19508. Al semi-conductors in cavity-type packages
are subjectad to PINR testing per MIL-STD-883C. Relays are procured 1o the highest military estalbished refiablitty (MIL-
ER) level as defined in MIL-R-38016. Relays are sulject te PIND tesiing.

Switches are procured to at kease the second bighest level of the appropriate MIL-ER specilication. Switches are subjected to
either PIND testing or X-ray analysis a5 appropriate, for particle deection.

Other discrete pans are procured 10 &t least the second highest level of the approprime MIL-ER specification.

Psris not imciwded in the sbove documeats have been used in the desigh anly after 2 non-standard parts acceptance request
{(NSPAR) bas been preparcd, submitted to Reliability Assurance Engineering and approved far use in the specific
application (3} defined in the NSFAR hy NASA-JSC,

“Wyryt case circuit anolyses have been performed and documented for all circuit designs (0 demonsirate that sufiicicat
Jerating margics exist for all operating conditions. The analysis was worsl £ase io that the value fer each of the variable
gaTamcters was sat ta limics (bal will drive tha guiput To 3 maximum (Gr min). A compenent approach review and analysis ‘
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. \[EA NUMBER: 1.15.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LRU/ORU PART NUMEBER: 3278850-506 QUANTITY: 1
PART NUMBER: 3278890-506 LRIVORY PART NAME: CTVC SYSTEM: CCTV
LSC CONTROE NO:N/A DRAWING/REF DESIGNATOR: 3272890 SUBSYSTEM;
ZONE/ALOCATION:N/A EFFECTIVITV/AFFECT STAGE:

was conducted to verify that 1be applied stress on each piece part by the remperature cxtremes identified with epvironmental
qualification testing oes ot exceed the stress derating values identified in GE 3267732

Tn additlon, an objeciive examination of the desipn was performed through a Preliminary Design Review and Critical Desien
Review {o verify that the CTVC met specification and contractual requircmeols

FEARE BEDARD DESLGN

All bogrds mre constructed from Iaminated copper-clad eposy slass sheety per MIL-P-13349 Type G Grade A Cincuit
roomections #re wade through prioted traces which run from poiot ts puint on the board surfacss Every trace terminates at
an annulsr ring The annular ring surrounds the hale in which 2 component lead or terminal is locsted. This ring provides a
footing for the solder, ensuring good mechanical and electrical performance. T size and shape are governed by MIL-P-
85640 us are trace widths, spacing and routing, These requirements are reiterated specifically io drawing notes to further
asare compliance. Varistion between the artwork master and the final product (due to icregaiarities of the etching proce:s)
are also contralled hy drawing ontes This prevests making defective boards frpm good artwork. Hales which bouse pe lead
or terminal, But serve oaly 1o ebectrically isterconnect tbe different board layers, contala stitch bary for mechanical support
and increased relizbility.

The through heles are drilled from a drill tape thuy eliminating the possibility of human érror and allowing tight cootrol over

bole and anpular Ang concentricity, an impartant relighility criterion. After deilling and etching, 3l copper ¢ladding is tin-
id plaied per MIL-STD-1495. This pravides for sacy and reliable solderiny ut the time of board assembly, even after
arinds of prolooged starage.

BOARD ASSEMELY DESICN ]

All eomponents are installed ip a manper whick assures maximum reliabilicy. Component kads are pre-tinped, allowing
total wetting of solder juints AL lcads are formed to provide stress relief and che baodies of large romponents are staked
Special muunting and handing iastructions are included in each drawing required after final assembly. The bosrd 15 coated
with ureshane which provects against humidicy and contaminatiaa.

(B) TEST: ACCEFTANCE
Each assebly is lodividually tested to 8 NASA agproved Acceptance Tegt Procedure TP-AT-31T8890. The Acceptance Test
Flow is detailed io Table 1.

OUALTFICATION TEST

The quelification unit i5 identical to the flight unit configuration in évery respect and is used salaly for the purposs of
gualification testing. The Qual uniz must suecassfully complete acceptance testing prior to entering qualification testing. The
Qual unit has passed testing in accordance with NASA approved test plup FN-C-3278590, The Qualification Test Flow it
detailed in Table 2.

DPERATIONAL TESTS

In prder to verify that CCTY components are operational, a test must verify the health of all ibe command related
componenis from the PHS (A7A1) panel switch, throngh the RCU, through the syoc lines to the CameraPTU, to 1be
Camera/PTU command decoder. The vest must slso verify the camera’s ability to produce viden, the ¥SI’s ability to rouie
video, and the monitor's ability te display video. A similar test would be performed 1o verify the MDM command path.

Pre-Launch on Orrbiter TestTn-Flight Test
1. Power CCTY system.
r Via the PHS panel, sglect 3 monitor.
i Send “Camera Power On™ command Mrom the
the PHS panel.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 1150 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: CARGD BAY LEWORU PART NUMBER: 3278800-20¢ QUANTITY: 1
PART RUMBER; 33 TE800-506 LEUAORT PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A DRAWING/REF DESILNATOR: 3278800 SURSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

4, Belect “External Syoc” oo mooitor,
5 Ohserve vider displayved on monitor.
Ntz that if video on moniter is synchronized
{i.e., ftable rager),
. Send Fan, Tilt, Focus, Zoom, ALL, and Gamma
commands and vismally (gitker via the
moniter or direct ohservation) verify
aperation.
T Selert downlink a9 destination and
Camera noder 1Bt 48 srce.
N Obzarve vides routed to downliok.
' Send “Camera Power O command via PHS panel.
10,  Repear Steps 3 through 9 except issue
comman ds via the MIDM command path.

(C) INSPECTION:

Procurgment Contral - The CTVC EEE Paré: and hardware items are procured from approved vendors and suppliers,
which meet the requirements set forth io the CTVC coatract. Resident IPRO personnel review all procurcment documeris
) ¢stablish the wecd For CET ca selected parts (PAT 517),

Ipcoming Inspection apd Storage - Incoming Qualicy inspectivns are made on all received materials and parts. Kesults are .
recorded by dot wad retaioed in file by drawing and enntrol sumbers for fumre reference ind traceability. All EEE parts are
suhjected to incoming acceptance tests as ralled for in PAX 315 - Incoming [nspaction Test Indtructions. Incoming flight paris

are further processed in accordance with GF 1846684 - Preconditioning and Acceptance Reguiremcoty Tar Electrooic Parts,

with the exception that DFA and PIND iestiog is oot performed. Mecbanical items are inspected per PAIL 316 - Incombog

Iuspection Instructions for Mechanical items, FAT 305 - Incoming Quality Central Inspection Instruction, and FAT 612 -

Procedure for Processing Incoming or Perchased Pans Desipnaced for Flight Use, Accepeed items are delivered tp M aterizl
Controfled Stores and reczined under specified conditicos uotil fabrication is required Noeo-conforming materials are beld

for Material Revicw Boacd {(MRE) disposition. (PAL-307, PAL TQC-531)

Bourd Assembly & Test - Prior to the start of TV hoard assemhly, all items are verified to he correct by stock room
personnel , as the item3 are accomuolated to form a kit The items are verified apain by the operator who assembles the kit by
checking apainst the as-buoilt-parts-Jist {ABPL). DPRO Mandatery Inspection Poiots are designed for all prinied circuit, wire
wrap and welded wire boards, plus barness connectors for soldering wiring, erimapiog, solder splices aud quality
workmanship prior 1o coating of the composent side of boards aad sleeving of harnesses.

C1vLC Boards .

Specific CTVC board assembly and reds instruetions are provided in drawing notes, and appiicable documents are called qut
in the Fabrication Procedure and Record (FPR-32758800% and party 1ist PL3Z 78830, These include Proceks Standard RTV-
566 2150531, Process Standard - Boadiog Velcro Tape 2180859, Specification  Soldering-Specification Crimping 2183600,
Specification - Bondiog and Staking 2220878, Specification - Macking 2180876 Specification - Workmanship 803035,
Specification Bondinp and Staking 2280875, specification-Ware Solder 2290821, Speciflcation-Prioted Yire Board Staking
2180851, Specification-Reflow Soldering 2280754, Specificatipn-Sqldering Surface Mpunt Compuoacnts 205714,

CTVC Assembly and Test

An open boz 15t i8 performed per TR-TT-3278300 and an Acceptance Tast per TP-AT-32783%0, includlog vibration and

theraal vacuum, Torgue's are specified and witnessed, traceability nupibers are recorded and calibrated tools are checked

prios 10 use. GE Cuality and DPRG inspections are performed a the completion of spacified FPR operations in accordance .
with BPAL-204, PAT-205, and PAI-217. DPRO personngd witness CTVC bulfon-up and critical forquing,
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMBER: 1.15.0 ORIGINATUR: JSC/MM ASTRO PROJECT: GFE
FART NAME: CARGOQ BAY LERU/ORU PART NUMEER: 32788%0-504 QUANTITY: 1
FART NUMBER: 3278850-506 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:RIA DRAWING/REF DESIGNATOR:3275890 SUBSYSTEM:
ZONKELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

The CTVC is packaped according 10 CCTV Letter 8011 and 2280746, Process Standard for Packaging 2od Haodliog
guidelinex. All relaied documentation iocluding assembly drawings, Parts List, ABPL, Test Data.gtc., is pathered and held in
a docuseniation folder assipned specifically to each absembly, This lolder is retained for eeference. An EIDF is prepared for
each assembly in accordance with the requirements of 'W5-2583176. GE QC and DFRO personpe] wilness crating,
packaging, packing, and marking, and review the EIDP for completeness and accuricy.

TAELE 1. ACCEPTANCE TESE FLOW

1. ROOM AMBIENT PERFORMANCE TEST
Test conducied per the requirements of NASA
upproved TP-AT-32 TS890

2. ACCEFTANCE YIBRATION EXPOSTIRE
20-80 Hi: 3 dbiactave Fise from 0.01 2270z 10 W04 g2/Hz
30-35 Hz:0.04 g2 Hz :
350-2000 Hz: 3 dB octave decreased to 0006 p/Hz
Test Duratipn: 1 minutefazis operating
Test Level: 6.1 grms

. 3 POSTVIRRATION FIINCTIONAL CHECK
Test conducted per the requirements of NASA
approved TP-AT-3275890,

4. Y
1.5 pyches total (mom +115 deg F o +14 deg E.
After stabilization, one hpor minimum duration
at each plateau. In-spec functional tests performed at
each plateaw,

3. POST-ENVIRONMENTAL PERFORMANCE TEST
Room ambicnt performance testscopducted in
accordance with NASA approved TP-AT-127883).

TARBLE X QUALIFICATION TEST FLOW

1. M)
Counduet tefts i in Becordance with the requirements of
SL-E-M01D, including C501, C502, C506G, TITL, CEN, and CERS,
Radiated 1ests rue in  accordaoce with SL-EQ0001E iacluding RS02, R53,
and REQZ except thar the test current for RS02 was 2 amps io liew of 20 amps,

2 QUAL FOR ACCEPTAMNCE VIERATION
20-8¢ Hz: 2b/ectave increasing to 0.067 g2/ 0=
80-350 Hz: 0.067 yctave
5020080 Hz: Jdbiaciave decrease

Test Level: 7.8 grms
. Test Duratien: 5 minules/axis aperating
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 1,150 ORICINATOR: JSCHM ASTRO PROJECT: GFE
PART NAME: Cﬁ;RGU BAY LRT/ORU FPART NUMBER: 3278890-506 QUANTITY: 1
PART NUMBER: 3278R00-506 LRU/AORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:N/A DEAWING/HEF DESILNATOR:32TEE0) SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

3. ELYGHT QUALITICATION VIERATION
26-70 Hz: 8 dB/ociave increasing 10 0.4 gi/Hz
500 Hz: 0.4 g27H2
SOi-2006 Hz: 6db/octave dacrease
Test Leyel: 13.1 prms
Test duration 4% minufesfatis nan-Operiting

4, THERMAL-VACTUTIM
7.5 evcles total from ++136 deg F o +9 deg F.
After stabllization, one hour miniowm docation at cach plateai
¥n-gper fomctional (ests performed at each platean. |

5 THE LATION
Worst case hat and cold mission enviroaments

aimulated ja vacuum, Purieg hot case, in—spag
operation is required lor & of 14 consecukive hoars
During cald case, in-spee operation ir required for
14 consacutive hours

6. HUMIDITY
1206 hours exposure ta 35% RH iocluding foor 24

hour temaperarure cycles of -+ deg ¥ to +135 deg
¥, nop-operating.

(D) FAILURE HISTORY:
Nome,

(E) ODPERATIONAL USE:
Loss of viden, Pogsible lesy of major mission objectives due to loss of RMS camerus
or other required samerag

(F} MATNTAINABILITY:

FPREPARED BY: Bernie Embrey REVISION:

DATE: February 17, 1993 WAIVEER NUMBER
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